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Nowadays, it is universally accepted that the transfer of multiple drug 
resistance determinants among representatives of the Enterobacteriaceae 
family is accomplished by means of conjugation (Watana.be and Fukasawa, 
1961, Watanabe, 1963, Sugino and Hirota, 1962). The conjugation process 
comprises several stages, beginning with establishing the contact between 
the conjugating bacteria and reaching culmination at the moment of gene-
tic material transmission from the donor into the recipient bacterium (Mit- 
suhashi, 1965). The formation of a stable conjugational pair is considered 
as a reaction between complementary surfaces of donor and recipient bac-
teria (Lancaster and assoc., 1965). The latter hypothesis is supported by a 
number of data, showing difference in the superficial properties between 
donor and recipient bacteris, such as, for instance, the presence of a specific 
donor (f+) antigen (Orsho; and Orsko , 1960), specific donor (Dettori and 
assoc., 1961, Crawford and Gesteland, 1964, Zinder, 1965) and recipient (На-
кит and assoc., 1964) bacteriophages; the inhibition of the conjugation pro-
cess by isolated cell walls and cell walls’ extract of donor and recipient 
bacteria (Kern, 1962, \  lira, 1962, Lancaster and assoc., 1965), as well as 
the different sensibility of donor and recipient bacteria to certain substan-
ces (Leice, 1965).
There is sufficient literature evidence about the donor function inhibition 
of Hfr bacterial strains during processing with sodium periodate (Sneaih 
and Lederberg, 1961). During treatment of recipient (F~) bacteria with so-
dium periodate under identical conditions, no reduction whatsoever was 
noted in the amount of recombinants. It is conjectured that sodium perio-
date interferes with the formation of conjugation pairs (mating) between 
donor and recipient bacteria as a result of the influence exerted upon sub-
stance of polysaccharide nature on the surface of Hfr bacteria (mating sub-
stance), participating in the process of conjugation. According to other 
literature sources (Kern, 1962), there is no difference in the sensitivity of 
Hfr and F - bacteria towards periodate, acids, bases and temperature effects. 
The results of the inhibition of transformation, in the course of processing 
competent recipient bacteria with periodate (Polsinelli and Barlafi, 1967), 
are a further corroboration of the opinion that sodium periodate does not 
exerts elective effect on donor bacteria alone.
1 The work was carried out at the Laboratory for enzsmatic factors (gеneraI medi-
cine microbiology section) 1EAt, Academy of Med. Sciences USSR - Moscow.
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Over the past few years, in the course of studies on the mechanism of 
conjugation in bacteria, particular attention has been drawn to some 
bacterial fimbriae (pili) — the so-called sex pili (Lawn, 1966, Lawn and 
assoc., 1967) — the occurence of which over the surface (F+, Hfr, COL+, 
R+) of donor bacteria is determined by the presence of corresponding sex 
(episomal) factors — F, COL or R. On the sex pili are adsorbed selectively 
donor specific RNA or DNA bacteriophages (Crawford and Gesteland, 1964, 
Brinton and assoc., 1064, Valentine and assoc., 1965, Ippen and Valentine, 
1967). It is furthermore conjectured (Brinton, 1965, 1966) that sex pili as-
sume the role of a conjugation bridge, across which the genetic material 
passes from the donor (Hfr, F+) over to the recipient bacterium.
The chemical analysis of sex pili revealed presence of amino acids and 
complete absence of polysaccharides (Brinton, 1965).
It is evident from the literature survey that the participation of bac-
terial cell surface structures in the conjugation process is a problem no 
yet solved. Actually, there is only scanty data as regards the mechanism 
of transmitting multiple drug resistance determinants.
Regardless of the presence of numerous common properties in F and R 
factors, stemming from their common episome nature, there are also a num-
ber of differences (including differences in the superficial properties of bac-
teria), dependant upon the presence of the indicated sex factors. Though 
in some R+ and Fi+ bacterial strains sex pili have been established, mor 
phologically indistinguishable from sex (F) pili in Hfr and F+ bacteria, 
during the study of the antigenic composition and the activity on RNA pha-
ges certain differences emerged (Lawn and assoc., 1967, Nishimura and assoc., 
1967). Furthermore the removal of sex pili in Hfr and F+ bacteria during 
mechanical treatment leads to almost complete inhibition of their donor 
function (Brinton, 1965) whilst the release of sex pili in R+ fi+ bacteria 
exerts no significant influence upon the R factors transfer frequency (Wata- 
nahe, 1967, Marinova-Petro:a and N. A. Pereversev, 1969).
In the present work, some data are submitted concerning the influ-
ence of sodium periodate upon the function of the donor and recipient bac-
teria in the process of multiple drug resistance transfer. Experimental stu-
dies are undertaken in view of clarifying the following points:
1. The effect of sodium periodate upon the donor function of R+fi+ and 
R+fi- bacterial strains and the competence of the recipient (R—) bacteria— 
depending on the concentration and duration of the processing.
2. The effect of sodium periodate upon the viability of R+fi+, R+fi- 
and R - bacteria — dependent on the concentration and duration of pro-
cessing.
3. The effect of sodium periodate upon the viability of R+fi+ and R+fi— 
bacteria upon removal and without removal of pili by means of threefold 
blender processing.
Material and Method
In the experiments described, substrains of E. coli K.-12 were employed: 
in the quality of donors — the strains CSH-2 (222) fi+, Sm, Cm, Tc,'Su, 
lac+, th r-  leu-, pro-, By- and CSH-(N 3)fi~, Sm, Tc, Su, lac+, thr~,
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leu- , pro- , Bi-  (obtained by prof. Watanabe — Japan), and in the qua-
lity of recipient — the international standart strain P 678 Smr, lac- , thr- , 
Leu- .
The treatment of the bacterial cultures with sodium periodate was car-
ried out after the method of Sneath and Lederberg (1961): the bacterial cul-
tures were centrifuged at 6000 rev/min for 10 min, washed up with distilled 
water, centrifuged a second time and resuspended thereby in cooled to 
0* C distilled water until final concentration was reached, exceeding 20 ti-
mes the starting level. A sample of 0,1 ml of each bacterial suspension was 
added to 0,4 ml freshly prepared solution of sodium periodate. The follow-
ing concentrations of sodium periodate were used: M 2000, M/1000, M/500 
and M 100, diluted in minimum medium without glucose (Sneath and ! e- 
derberg, 1961). The mixtures — bacteria sodium periodate — were incu-
bated in thermostat at 37 for a fixed interval. The residual periodate was 
inactivated by adding to each of the two mixtures 4,5 ml 1 % glucose meat 
pepton broth (MPB).
The conjugated mixtures were prepared in MPB at donor: recipient ra-
tio of 1:10. The transmission of the R factors was effected at 37 C in the 
course of one hour. The selection of recipient bacteria, receiving R factors 
from the donor factors was carried out on: 1) medium of Endo with anti-
biotics: streptomycin — 1000 U/ml, chloramphenycol and tetracycline of 
25 mcg/ml each; 2) minimal agar with threonine and leicine — of 20 mcg/'ml, 
vit Bx — 1 mcg/ml, the antibiotics mentioned above in the same concen-
tration and sulphonamide 100 mcg/ml. Whenever strain CSH-2 (3) was used 
as donor, chloramphenicol was not added to the selective media.
The number of viable donor and recipient bacteria (both treated and 
untreated with periodate) was determined by means of 0,1 ml bacterial sus-
pension sample culturing over MPA (employed in the experiment), diluted 
up to 10-5 and 10-,i in physiological solution.
The removal of the pili from the surface of the donor bacteria was accom-
plished by resorting to threefold processing (for two minutes, at 15-min 
intervals’! with blender ( R. Marino a-Petro: a and Y. A. Pereversev).
Results and Discussion
The results in terms of effect exerted by sodium periodate on the donor 
function and on the donor bacteria viability of the strain CSH-2 (222) fi+, 
Sm, Cm, Tc, Su, depending on the duration of the influence at concentra-
tion M 2000, are submitted in Fig. 1.
As evident from the data in Fig. 1, during treatment of the donor bac-
teria for a period of 20 min, the transmission of the R factors is decreased 
to 0,8% of the control figure (untreated donor), whilst the number of 
viable donor bacteria is insignificantly reduced to 45% of the starting 
figure. Upon increasing the duration of the influence exerted by periodate, 
transfer of multiple drug resistance is no longer noticed, whereas the amount 
of viable donor bacteria gradually decreases — to 0,9% of the initial value 
at 80 min duration of treatment. The parallel control in minimal medium 
without periodate shows that the initial amount of donor bacteria is pre-
served for a period of 24 hours. Hence, the reduction of the quantity of
60 R. Marinova 4
viable R+ bacteria in experiments with periodate is a result caused by the 
effect exerted by the latter.
The increase of periodate concentration, as well as the duration of pro-
cessing account for a sharp reduction of the R factors transfer and a gradual 
reduction of viable donor bacteria quantity (Fig. 2).
Fig. 1. The influence of sodium periodate on the 
viability and donor function of strain CSH-2 (222) 
fi+, Sm, Cm, Tc, Su, depending on the duration of 
treatment. Concentration M 2000
(Duration of treatment in minutes)
-----------------  Control — v ia b le  donor bacteria in minimal
free of periodate medium;
— — — — Sodium periodate treated v ia b le  donor bacteria;
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Fig. 2. Influence of sodium periodate on the \ ia- 
bility and donor function of strain CSH-2 (222) 
fi+ . Sm, Cm, Tc, Su, depending on the concentra-
tion. Time of processing — 20 min
(Sodium periodate concentration)
—----- Control — v iab le  donor bacteria in minimal
free of periodate medium;
------- --------- Sodium  periodate treated v iable donor bacteria;
— . — . — Resistant recipient bacteria.
In Figure 3 the results are presented regarding the influence of sodium 
periodate, exerted upon the competence and viability of recipient bacteria 
of the strain P 678 Smr — depending on the duration of treatment at con-
centration M/2000. As in the treatment of donor bacteria, a sharp fall is 
noted of the R factors transfer rate even in the very first 20 minutes of influ-
ence and also gradual reduction of the quantity of viable recipient bacteria.
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Fig. 3. Influence of Sodium periodate on the vi-
ability and competenceof strain P 678 Smr depend-
ing on the duration of treatment. Concentration 
M 2000
(Duration of treatment in minutes)
-----------------Control — viable  recipient bacteria in minimal
free of periodate medium;
------------ — Sodium periodate treated v iab le  recipient bac-
teria;
— . — Resistant recipient bacteria.
woi
Fig. 4. Inluence of Sodium pe-
riodate upon the donor fun-
ction oF strain CSH-2 (222)fi+> 
Sm, Cm, Tc, Su in the presence 
or absence of pili (threefold 
blender processing). Sodium pe-
riodate concentration — M 2000. 
Duration of treatment — 10 mi-
nutes. Duration of contact bet-
ween donor and recipient ba-
cteria — 1 hour
/  — Donor, untreated w ith  blender 
and periodate; I I  — Donor untreated  
with blender and treated with perio-
date; I I I  — Donor treated w ith  b len-
der, untreated with periodate; 
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Fig. 5. Influence of Sodium pe-
riodate upon the donor function 
of strain CSH-2 (222) fi , Sm, 
Tc, Su in the presence of pili 
(threefold blender processing). 
Sodium periodate concentrat-
ion — M 2000. Duration of treat-
ment — 10 minutes. Duration 
of contact between donor and 
recipient bacteria — 1 hour
/  — Donor untreated w ith  blender 
and periodate; I I  —  Donor untre-
ated w ith  blender and treated with  
periodate; I I I  —  Donor treated 
w ith  blender and untreated with pe-
riodate; I V  — Donor treated with  
with blender and periodate.
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In Figure 4 and 5, data are submitted concerning the transfer of R fac-
tor respectively by donor strains CSH-2 (222) fi+, Sm, Cm, Tc, Su, and 
CSH-2 (N 3) fi—, Sm, Tc, Su, treated with periodate (at concentration M/2000 
and duration of the influence 20 min') with simultaneous removal of pili 
from the donor bacterial surface. It is evident from the data reported, indepen-
dently of the fi-characteristics, that treatment with periodate accounts for 
decreased frequency of the R factors transfer, both after the removal and 
in the presence of pili on the bacterial surface. Following the removal of 
pili, the action of periodate is intensified up to a certain extent — it is 
possible that the presence of pili on the surface of bacterial cells restricts 
the interaction of periodate with the polysaccharide substance, partici-
pating in the conjugation process.
The data presented might be considered as a confirmation of the hypo-
thesis that mating substance and sex pili represent different components 
on the surface of R+ bacteria, taking part in the transmission of R factors 
in the conjugation process.
Inferences
1. The treatment of R+ fi+ and R+ fi-  bacteria with sodium periodate 
accounts for strong inhibition of multiple drug lesistance transfer, even 
under conditions, reducing insignificantly the initial quantity of xnable 
donor bacteria.
2. The action of sodium periodate upon the bacterial cell does not de-
pend on the presence of R factor in the latter — the competence and via-
bility of recipient (R-) bacteria during processing with neriodate are alter-
ed practically to the same degree, as the donor function and>viability of 
the R+ bacteria.
3. Sodium periodate exerts effect on the superficial bacterial substance, 
participating in the conjugation process during R factors transmission, 
different from the sex pili, since its action is manifested regardless of their 
presence or absence.
Legend of abreviations used
p b  — donor bacteria with sex (actor F.
MFR — high frequency of recombination.
R+ donor bacteria resistance factor (R).
fi — fertility inhibition.
R+ fi"b— R+ donor bacteria in which the F function is inhibited.
R"bfi R donor bacteria in which the function of F factor is not inhibited.
COL — colicinogenic factor.
COL"b --  donor bacteria with colicinogenic factor.
Sm, Cm — Episomal resistance to streptomycin, chloramphenicol.
Tc, Su — Tetracycline, sulphonamide.
Smr — Chromosomal resistance to streptomycin.
thr, leu — synthesis incapacity respesctively for threonine and leicine.
pro, B1 — proline, vit B] (thiamine).
blender — to blend — mix up; a device used for pili removal from the bacteria] 
surface.
pili — from Latin — hairs or hair-similar structures. Thus the filamentous struc-
tures over the surface of Gram-negative bacteria are designated, previously known 
as fimbriae.
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ВЛИЯНИЕ ПЕРИЙОДАТА НАТРИЯ НА ПРОЦЕСС 
ПЕРЕДАЧИ МНОЖЕСТВЕННОЙ ЛЕКАРСТВЕННОЙ УСТОЙЧИВОСТИ
У Е. COLI K-I2
Р. Маринова 
Р Е З Ю М Е
Исследовано влияние перийодата натрия па доиориую функция) и жизнеспособ 
ность R f f i +  и R +  fj бактериальннх штаммов при налични или отсутствин pi l i  па 
бактериальной поверхности, а гакже и на компентентиость и жизнеснособность ре- 
ципиентнмх (R ) бактерии.
Огмечается значнтельное снижение донорной функции R+ и компетентности ре- 
ципиентнмх (R- ) бактерий. Соответствующе до 0,8—0,3% контроли (концентрация 
М 2000, продолжительность обработки 20 минут), при сравнительно незначительном 
уменьшении исходного количества жизнеспособних донорнмх и реципиентнь1.\ бак-
терий (соответствующе до 45— 150о) при тех-же опитнь1х условиях.
Действие перийодата натрия на донорную функцию R4"fi+ и R+fi штаммов 
не зависят от наличия или отсуствия pili на бактериальной поверхности, а также и 
от П характеристики R фактора.
Предполагается, что пернйодат натрия действует на субстанцию находящуюся на 
поверхности донорнь1Х и реципиеитннх бактерий, участвующую в процессе конъю- 
гацнн при передаче R факторон, различную от pili.
